Inherited and acquired disorders that enhance the activity of transporters mediating renal tubular Na + reabsorption are well established causes of hypertension. It is unclear, however, whether primary activation of an Na + -independent chloride transporter in the kidney can also play a pathogenic role in this disease. Here, mice overexpressing the chloride transporter pendrin in intercalated cells of the distal nephron (Tg B1-hPDS mice) displayed increased renal absorption of chloride. Compared with normal mice, these transgenic mice exhibited a delayed increase in urinary NaCl and ultimately, developed hypertension when exposed to a high-salt diet. Administering the same sodium intake as NaHCO 3 instead of NaCl did not significantly alter BP, indicating that the hypertension in the transgenic mice was chloride-sensitive. Moreover, excessive chloride absorption by pendrin drove parallel absorption of sodium through the epithelial sodium channel ENaC and the sodium-driven chloride/bicarbonate exchanger (Ndcbe), despite an appropriate downregulation of these sodium transporters in response to the expanded vascular volume and hypertension. In summary, chloride transport in the distal nephron can play a primary role in driving NaCl transport in this part of the kidney, and a primary abnormality in renal chloride transport can provoke arterial hypertension. Thus, we conclude that the chloride/bicarbonate exchanger pendrin plays a major role in controlling net NaCl absorption, thereby influencing BP under conditions of high salt intake.
of NaCl to produce an increase in BP. In 1929, Berghoff and Geraci 1 reported that BP increased in seven individuals on a high NaCl intake but not a high NaHCO 3 intake, an observation subsequently confirmed by Morgan. 2 In humans or animals with salt-sensitive hypertension, selective dietary loading of Na + without Cl 2 has repeatedly failed to induce an increase in BP. [3] [4] [5] [6] [7] Likewise, in hypertensive and normotensive subjects, substitution of dietary NaCl with equimolar NaHCO 3 leads to a reduction of BP, further suggesting a modulating effect of dietary chloride on BP. 8, 9 Surprisingly, although it is widely accepted that excessive sodium reabsorption can lead to hypertension, the potential role of primary activation of renal chloride transport in the pathogenesis of hypertension is poorly understood.
It was recently shown that Cl 2 absorption in the collecting duct occurs through intercalated cells and requires the presence of the Cl 2 /HCO 3 2 exchanger pendrin (Pds/Slc26a4). 10, 11 We subsequently showed that the functional coupling of pendrin together with the Na + -dependent Cl 2 /HCO 3 2 exchanger (Ndcbe/Slc4a8) results in electroneutral, thiazide-sensitive NaCl absorption, and hence, mimicks the NaCl cotransporter (NCC) of the distal convoluted tubule. 12 Although the importance of this system in vascular volume regulation is suspected based on the observation that pendrin disruption impairs normal renal NaCl balance 11 or protects against mineralocorticoid-induced hypertension, 13 its potential pathogenic role as a primary determinant of hypertension is unknown.
Thus, to investigate the potential primary role of enhanced pendrin activity in the pathogenesis of salt-sensitive hypertension, we have created a mouse model overexpressing pendrin in the intercalated cells of the aldosterone-sensitive distal nephron. We show that pendrin overexpression results in increased chloride absorption that confers on mice markedly salt-sensitive elevation of BP. Interestingly, the pressor effect of high salt intake was strictly chloride-dependent and occurred despite appropriate downregulation of the sodium transporters in the aldosterone-sensitive distal nephron. We conclude from these experiments that a primary abnormality of renal chloride reabsorption can lead to NaCl-sensitive hypertension.
RESULTS

Generation of a Mouse Model Overexpressing Pendrin in the Intercalated Cells
A 6.9-kb fragment corresponding to the human V-ATPase B1-subunit gene (ATP6V1B1 gene; GenBank accession no. NM_039350) has been successfully used to drive expression of both enhanced green fluorescent protein (EGFP) and the Cre-recombinase (Cre) into renal intercalated cells. 14, 15 Importantly, preliminary experiments revealed that the promoter is likely to be insensitive to a high-salt diet (Supplemental Figure 1) . We used this promoter fragment to drive the expression of human pendrin (hPDS/SLC26A4) cDNA in intercalated cells of the connecting tubule and the cortical collecting duct (CCD; detailed methods of the transgene construction and genotyping can be found in Supplemental Material and Supplemental Table 1 ). The transgene includes the 59-flanking region of the ATP6V1B1 gene extending to but excluding the endogenous translational start codon, the human SLC26A4 cDNA with its own translational start site, and the SV40 late region polyadenylation signal, and it is referred to as B1-hPDS ( Figure 1A ). The rationale for using the human instead of the mouse cDNA is to be able to distinguish the expression of the transgene from the expression of the endogenous pendrin gene. Approximately 110 live pups were analyzed for the presence of the B1-hPDS transgene by performing PCR analysis of tail DNA ( Figure 1B) , and 63 pups were found to be positive for transgene integration. However, only one founder transmitted the transgene in a Mendelian fashion and therefore, was used to generate animals for this study. The mice that were used in the present study were F6. Mendelian transmission of the transgene and Southern blot analyses (Supplemental Figure 2) were compatible with a single site of integration. Figure 1C shows that high levels of the human pendrin transcript were detected by RT-PCR in the renal cortex and medulla of transgenic B1-hPDS (Tg B1-hPDS ) mice, whereas it was not present in the wild-type littermates. We previously reported that, beyond expression in renal intercalated cells, our ATP6V1B1 promoter fragment was able to drive expression of EGFP in epididymis, uterus, small and large intestines, and nonciliated airway epithelial cells 15 and Cre-recombinase in the brain. 14 Thus, we tested expression of the transgene in these different tissues ( Figure 1D ). No hPDS transcript was detected in tissues isolated from wild-type mice, whereas in tissues isolated from Tg B1-hPDS mice, hPDS transcript was detected at high levels in uterus and epididymis. hPDS transcript was also detectable in lungs and brain, but no significant level of hPDS transcript was detected in small or large intestine or liver.
We next examined the expression of the hPDS protein by immunohistochemistry. However, all the different antipendrin antibodies available to us recognize only the rodent orthologs of pendrin. Thus, a new rabbit polyclonal antibody was raised against the synthetic peptide APGGRSEPPQLPEYS (corresponding to amino acids 3-18 of the N-terminal end of human pendrin protein) (Supplemental Material). Preliminary experiments showed that, although this antibody was recognizing human pendrin, it also crossreacted with the murine ortholog (Supplemental Figure 3) . We used this antibody to localize both endogenous (murine) and transgenic (human) pendrin on kidney sections from Tg B1-hPDS and control mice ( Figure 1 , E and F). As previously shown by others, 16 pendrin expression in wild-type mice was detected exclusively in b-or non-a, non-b intercalated cells, which were identified by the coexpression of the V H + -ATPase but not the anion exchanger 1 (AE1). By contrast, pendrin staining was also detected in a-intercalated cells (V H + -ATPase and AE1-positive) of the renal cortex and medulla in Tg B1-hPDS mice. No staining was detected in principle cells of the collecting duct or the connecting tubule. Ectopic expression of hPDS in a-intercalated cells was expected, because our B1 promoter fragment was shown to drive expression of EGFP and Cre in both intercalated cell subtypes. 14, 15 Noteworthy, the expression of the transgene had no particular impact on AE1 or the V H + -ATPase cellular or subcellular localization.
In our first B1-EGFP transgenic mouse model, we noted that EGFP expression was slightly stronger in the medulla than in the cortex. 15 In the present study, the transgene expression also looked stronger in the renal medulla than in the cortex (Figure 1, E and F) . However, immunohistochemistry is not a good technique for quantitation, and we were not able to check the level of expression of the trangene by Western blot, because our antibody was not suitable for this technique. Thus, we next checked pendrin activity in the renal cortex by measuring intracellular pH i changes consecutive to manipulation of luminal Cl 2 concentration in intercalated cells in cortical collecting ducts isolated from Tg B1-hPDS and control mice. Basolateral Cl 2 /HCO 3 2 activity was not assessed in these experiments. Figure 1G shows that apical Cl 2 /HCO 3 2 exchange activity was much higher in intercalated cells from Tg B1-hPDS transgenic mice than wild-type littermates, showing that our transgenic strategy for overexpressing pendrin is effective in cortical intercalated cells.
Pendrin Overexpression Stimulates Chloride Absorption by the Renal Tubule
To determine whether the B1-hPDS transgene expression promotes excessive chloride absorption, cortical collecting ducts were isolated from either Tg B1-hPDS transgenics or wildtype littermates. All animals were fed a normal salt diet (i.e., 0.3% Na + administered as NaCl). Transepithelial fluxes of Na + (J Na ), Cl 2 (J Cl ), and K + (J K ) and transepithelial voltage (V te ) were measured as described previously. 12 Figure 2 , A and B shows that, although no transport activity was detectable in CCDs isolated from control mice, tubules from Tg B1-hPDS mice exhibited net NaCl absorption. The magnitudes of Na + and Cl 2 fluxes were very similar to those magnitudes observed in CCDs isolated from mice maintained on a low-salt diet (figure 1 in ref. 12 ). CCDs from Tg B1-hPDS mice did not develop a net negative V te and did not secrete K + ( Figure 2 , C and D). The latter findings suggested that epithelial Na + channel (ENaC) activity is impaired as a consequence of excessive electroneutral NaCl absorption. However, under normal conditions, ENaC is mostly active in the connecting tubule, which is not accessible to the microperfusion. Thus, to assess the effects of the transgene on ENaC activity, we next tested whether ENaC-dependent Na + absorption and K + secretion are inhibited in Tg B1-hPDS mice by monitoring the effects of an acute injection of amiloride (1.45 mg/kg body wt) on urinary excretion of Na + and K + . As shown in Figure 2 , E and F, amiloride injection increased urine Na + excretion and decreased K + excretion similarly in the Tg B1-hPDS mice and wild-type littermates. Taken together, these results indicate that, although the B1-hPDS transgene promotes electroneutral NaCl absorption, it does not inhibit ENaC. Table 2 . Increased electrogenic chloride absorption in the CCD, also known as a chloride shunt, has been proposed to decrease the transepithelial voltage; thereby, it impairs tubular K + secretion and provokes metabolic acidosis and hyperkalemia. 17, 18 However, Tg B1-hPDS mice exhibit net NaCl absorption in the CCD, but in the absence of any Vte, they did not exhibit high serum K + concentration. Another question was whether overexpression of pendrin can favor the development of acidosis. In fact, we initially anticipated that ectopic expression of hPDS in a-intercalated cells would short circuit acid secretion and thereby, lead to distal tubular acidosis. Thus, to determine whether Tg B1-hPDS mice display hyperchloremic metabolic acidosis, we performed blood gas analyses in Tg B1-hPDS mice and wild-type littermates. These analyses showed that both Tg B1-hPDS mice and wild-type littermates fed a normal salt diet had normal blood acid-base parameters and did not display an alkaline urine pH, indicating the absence of significant bicarbonaturia.
Increased Electroneutral NaCl Absorption in the Distal
Because the effects of the transgene might have been, at least partly, masked by some compensatory mechanisms, the same analyses were again performed after feeding the mice for 2 weeks with a high-salt (3% Na + administrated as NaCl) diet. This maneuver is expected to increase urinary chloride delivery to the CCD and hence, accelerate Cl 2 /HCO 3 2 exchange through the transgene. However, as shown in Supplemental Table 2 , serum K + concentration and acid-base status of Tg B1-hPDS mice remained normal and identical to those levels observed in wild-type littermates. We next tested the effects of pendrin overexpression on renal adaptation to a high-salt diet. Figure 3 , A and B shows that animals from both genotypes exhibited the same systolic BP and urinary excretion of Na + and Cl 2 when fed a normal salt diet (0.3% Na + ). When animals were switched to a high-salt diet (3% Na + ), urinary excretion of both Na + and Cl 2 dramatically increased in both groups. However, these adaptive changes were significantly delayed in Tg B1-hPDS mice compared with wild-type littermates. Urinary aldosterone was not different between genotypes in animals fed a normal salt diet, and they decreased similarly to nearly undetectable levels when animals were fed a high-salt diet ( Figure 3C ). The highsalt diet led to a significant rise in systolic BP in Tg B1-hPDS mice, whereas the wild-type littermates experienced no change in BP ( Figure 3D ). Almost the same values of BP were obtained when recorded by radiotelemetry (Supplemental Figure 4) ; accordingly, all subsequent BP measurements were performed using the tail-cuff method. Monitoring of heart rate detected a significant decrease in heart rate in both genotypes fed a high-salt diet but did not reveal any difference between genotype (Supplemental Figure 4) .
We recently described that pendrin works in tandem with Ndcbe to mediate electroneutral and thiazide-sensitive NaCl absorption. 12 Pech et al. 19 reported that pendrin is required for normal ENaC activity. 19 Thus, to determine whether pendrin overexpression secondarily drives Na + absorption by Ndcbe, ENaC, or both molecules, we tested the effects of acute injections of either amiloride (1.45 mg/kg) or hydrochlorothiazide (50 mg/kg). These experiments were performed in mice fed a high-salt diet, because the hypertensive phenotype observed in the Tg B1-hPDS mice was only apparent in this situation. Figure 4 shows that the response to amiloride was increased in Tg B1-hPDS mice compared with wild-type littermates, indicating that ENaC activity is increased in this model; the response to hydrochlorothiazide (HCTZ) was also greater in Tg B1-hPDS mice. The NCC and pendrin/Ndcbe transporters are targeted by HCTZ in vivo. 12 However, it is unlikely that higher sensitivity to HCTZ in the Tg B1-hPDS mice reflects increased activity of NCC, because we directly observed the presence of electroneutral NaCl absorption in the collecting duct (Figure 2 ), a nephron segment devoid of NCC. Moreover, in our model, expression of human pendrin is driven by the B1 promoter; it is not expressed in the distal convoluted tubule but exclusively expressed in the connecting tubule and collecting duct, which is evident from two previous studies using the exact same promoter to drive expression of either EGFP or Cre. 14, 15 Thus, these results indicate that Cl 2 absorption in the distal nephron is paralleled by Na + absorption occurring by either ENaC or Ndcbe.
Pech et al. 19 have recently reported that extracellular bicarbonate stimulates ENaC activity by increasing b-and g-ENaC protein abundance and more importantly, promoting g-ENaC proteolytic cleavage, a process associated with an increase in the channel activity. 20 Conversely, pendrin knockout mice exhibit decreased ENaC activity associated with decreased b-and g-ENaC activity and decreased g-ENaC proteolytic activation. In the experiments shown in Figure 4 , we detected increased ENaC activity in Tg B1-hPDS mice fed a highsalt diet; therefore, we next assessed the profile of expression of different sodium transporters, including ENaC, along the normal Na + diet (0.3% Na + in food) were subcutaneously injected with amiloride (1.45 mg/kg body wt). Urines from Tg B1-hPDS and WT mice were collected over 2 days starting at 9 AM and ending at 3 PM the next day. Vehicle was injected on day 1, whereas amiloride was injected at 9 AM on the second day (black bars). Excreted ion concentrations (millimolar) were normalized to the urinary concentration of creatinine (millimolar) to minimize the effects of incomplete urine sampling over such short periods. Values are the mean 6 SEM from seven determinations in each group. Statistical significance was tested versus time controls by paired t test. *P,0.05, **P,0.01.
nephron. Unexpectedly, expression of NCC, p(T55)NCC, ENaC (both a-and g-subunits), and Ndcbe assessed by immunoblotting of membrane fractions isolated from the renal cortex was decreased in Tg B1-hPDS mice compared with wildtype littermates ( Figure 5 and Supplemental Table 3 ). This downregulation of sodium transporters in the aldosteronesensitive distal nephron in Tg B1-hPDS mice is expected in response to the hypoaldosteronism and the salt-sensitive hypertension observed under these conditions. The proteolytic product of g-ENaC subunit was also undetectable, which was expected in salt-loaded animals. Taken together, these results indicate that excessive chloride absorption by the B1-hPDS transgene is able to accelerate Na + absorption through ENaC and Ndcbe, although their expression levels as assayed by immunoblotting were downregulated. This result suggests that primary activation of chloride reabsorption by pendrin stimulates Na reabsorption through these transporters sufficiently to overcome the observed downregulation at the level of protein expression. Possible mechanisms include changes in transporter surface expression, phosphorylation, activation state, and/or driving force.
To further show the critical role of chloride in the pathogenesisof salt-sensitive hypertension in this model, we examined the effects of chloride on BP by administering NaHCO 3 instead of NaCl as previously described. 4, 7 Contrasting with the marked pressor effects of high NaCl intake observed in the preceding experiments, high NaHCO 3 intake did not alter systolic BP in the Tg B1-hPDS mice or wild-type littermates, which confirms that the abnormal renal handling of chloride is the primary cause of salt-sensitive hypertension in Tg B1-hPDS mice ( Figure 6 ).
DISCUSSION
In most human populations, sodium is almost invariably ingested as a chloride salt, and sodium ion has no pressor effects when chloride is substituted with another anion like sulfate or bicarbonate. 3, 8, 9 The latter observation has led several groups to conclude that salt-sensitive hypertension is chloride-dependent. 3, 4, 7 However, renal transporters that have been shown to have a clear impact on BP, like the Na/K/ 2Cl cotransporter type 2 or NCC, 21 transport equimolar amounts of sodium and chloride. In the collecting duct, it was thought until recently that chloride is mostly absorbed passively because of the lumennegative transepithelial potential difference that results from ENaC-dependent electrogenic absorption of Na + . 22, 23 As a consequence, most efforts have been made to dissect the mechanisms accounting for renal sodium absorption and its regulation, whereas the pathogenic effects of abnormal renal chloride transport have not been studied as extensively.
Here, we show that overexpression of pendrin leads to chloride-dependent hypertension. Because the trangene hPDS was detectable by PCR in the brain, we cannot rule out the possibility that overexpression of pendrin in the central nervous system did also alter central regulation of BP. However, the expression of hPDS in the brain was marginal compared with the kidney. We also did not detect differences in heart rate between Tg B1-hPDS and control mice that might have revealed some dysregulation of the autonomous nervous system. Importantly, we show that renal overexpression of pendrin drives excessive renal chloride reclamation, which in turn, is responsible for chloride-sensitive hypertension. Moreover, we show that, despite normal downregulation of all the different Figure 3 . Effects of dietary NaCl loading in Tg B1-hPDS mice. Time course of renal excretion of (A) Na + and (B) Cl 2 in Tg B1-hPDS and WT mice fed a normal salt diet and then switched to a high NaCl diet. (C) Urine aldosterone concentration was measured under a normal salt diet or after 2 or 6 days of high NaCl diet. Data are presented as the mean 6 SEM; n=7 for each genotype. Statistical significance versus WT was assessed by unpaired t test. *P,0.05, **P,0.01. (D) Systolic BP measured by tail-cuff under normal salt diet (0.3% Na + /0.8% NaCl) or after 2 weeks of high-salt (3% Na + /8% NaCl) diet. Data are presented as the mean 6 SEM; n=10 for each genotype. The difference in systolic BP was assessed by ANOVA followed by Bonferroni's posthoc test. **P,0.01 versus normal salt diet.
sodium transporters in the aldosterone-sensitive distal nephron, excessive chloride absorption by transgenic pendrin is still able to drive parallel sodium absorption. This important finding challenges the classic paradigm assuming that sodium transport is always primary and secondarily drives chloride as the accompanying anion. Rather, these studies support the possibility that a primary increase in chloride transport can serve as the primary event driving NaCl absorption in the distal nephron. It was previously shown that mice with pendrin disruption do not increase vascular volume and do not raise BP in response to administration of deoxycorticosterone pivalate, 13 a mineralocorticoid that is expected to maximally stimulate sodium absorption by ENaC. We now show that a primary increase in pendrin activity can cause hypertension, even when aldosterone is decreased. The fact that primary changes in chloride transport can drive NaCl absorption also has important therapeutic implications, because our results suggest that pendrin might be a very interesting target to modulate NaCl absorption by the distal nephron; pendrin blockers could, therefore, represent a new class of antihypertensive compounds. This possibility is further supported by a recent study showing that double deletion of NCC and pendrin leads to massive sodium wasting, hypovolemia, and hypotension. 24 From the study of two independent mouse models of pseudohypoaldosteronism type II, 25, 26 it has been concluded that increased electroneutral NaCl absorption by NCC is the main mechanism leading to this syndrome. Functional coupling of pendrin and Ndcbe mediates NCC-like activity. 12 Mice on a high-salt diet (3% Na + /8% NaCl in food) for 2 weeks were subcutaneously injected with amiloride (1.45 mg/kg body wt), HCTZ (50 mg/kg body wt), or vehicle. Urines from Tg B1-hPDS and WT mice were collected over 2 days from 9 AM to 3 PM; the first-day injections were in vehicle only (white bars), whereas the diuretics were injected at 9 AM on the following day (black bars). The concentration of excreted Na Table 3 . Bars represent mean 6 SEM. Statistical significance is assessed by two-tailed unpaired t test; n=7 in each group. *P,0.05, **P,0.01 versus controls.
Moreover, this transport system is expressed in the nephron segments where ENaC-dependent K + and H + secretion occurs. Thus, we hypothesized that upregulation of this transport system might decrease ENaC activity and hence, might impair K + and H + secretion even more than NCC upregulation. However, our present results clearly indicate that this hypothesis is not the case. The absence of effects on potassium and acid-base homeostasis cannot be attributed to a failure of our transgenic strategy, because we clearly show that the B1-hPDS transgene was able to increase apical Cl 2 /HCO 3 2 exchange activity in the cortical collecting duct. Moreover, we were able to show that the transgene accounts for excessive renal NaCl absorption, and our Tg B1-hPDS mice displayed salt-sensitive hypertension. Nevertheless, our results are in line with two recent studies that reported that increased NCC activity is not sufficient to cause Gordon's syndrome. 27, 28 In summary, our study solidifies the concept of chloridesensitive hypertension by showing that a primary enhancement of renal chloride transport by overexpression of pendrin can lead to salt-sensitive hypertension. Thus, we conclude that the chloride/bicarbonate exchanger pendrin has a major role in controlling net NaCl absorption and hence, BP in the setting of high salt intake.
CONCISE METHODS
Animals
All the experimental procedures have been reviewed and approved by the local ethics committee from the University Pierre et Marie Curie, and they were performed in accordance with the Guide for the Care 
Metabolic Studies
All experiments were performed using age-and sex-matched Tg (B1-hPDS) mice and wild-type littermate (3-5 months). For urine collection, mice were housed in metabolic cages (Techniplast, France). Mice were given deionized water ad libitum and pair-fed with standard laboratory chow containing 0.3% sodium (INRA, France). They were allowed to adapt for 3-5 days in the cages. At steady state, urine collection was performed daily under mineral oil in the urine collector for electrolyte measurements. Mice were then switched to a high-salt diet (3% Na + ), either as NaCl or NaHCO 3 (INRA, France). After the switch, urine was collected every 24 hours.
All biochemical and hormonal analyses were performed using standard methods as detailed in Supplemental Material.
BP Measurements in Conscious Mice
Mice were fed normal or high-salt diet for at least 2 weeks. Systolic BP was measured using a computerized tail-cuff system after 2 weeks of daily training, which has been described elsewhere. 29 Then, at least 10 measurements were performed every day for at least 7 consecutive days. Only the last 4 days were kept for analyses. If the variability of the measurements made in a single day exceeded the SD by more than 20%, the day was discarded and replaced by an additional day of measurement. Moreover, to ensure that it was the case in our study, BPs were also measured by radiotelemetry in mice fed either a normal or high-salt diet in a pilot experiment (Supplemental Material). Similar values were obtained using both techniques (compare Figure 4 with Supplemental Figure 3 ).
Immunofluorescence Studies and Immunoblot Analyses
Kidney sections were triple labeled with a rabbit polyclonal human pendrin antibody (diluted 1:200), a guinea pig anti-AE1 30 (diluted 1:5000), and a chicken anti-Atp6v1e1, 31 which detects the V H+-ATPase (diluted 1:500), using the standard technique as previously described in detail. 32 For Western blot analyses, 10-60 mg membrane-enriched protein fraction were separated on reducing 7.5% SDS polyacrylamide gels. Protein loading was assessed on gels ran in parallel and stained with Coomassie blue. 33 Blots were probed with anti a-ENaC (dilution 1:10,000), anti g-ENaC (1:30,000), 34 anti-Ndcbe (1:250), 12 anti-NHE3 the Na/H exchanger type 3 (1:1000), 35 anti-NKCC2 the Na/K/ 2Cl cotransporter type 2 (1:5000), 35 anti-NCC (1:50,000), 36 and anti-NCC phospho-Thr55 antibody (residues 41-60 of human NCC phosphorylated at Thr55, HPSHLTHSSTFCMRpTFGYNT, S908B; 1:275). 37 Proteins were detected by chemiluminescence (ECL Kit; Amersham Biosciences). Antibodies against a-and g-subunits of ENaC were generously donated by J. Loffing (University of Zurich, Zurich, Switzerland). Antibody against a-ENaC was raised against the N terminus of mouse a-ENaC (MLDHTRAPELNLDLDLDVSNC).
RT-PCR
Total RNA was extracted using the RNeasy Kit (Qiagen). Reverse transcription was performed by using a first-strand cDNA synthesis kit Figure 6 . Effect of NaHCO 3 loading on systolic BP in Tg and WT mice. Systolic BP measured by tail-cuff on normal salt diet (0.3% Na+) or after 2 weeks of high-salt (3% Na + administrated as NaHCO 3 ) diet. Data are presented as the mean 6 SEM; n=8 for each genotype. The difference in systolic BP was tested by ANOVA.
for RT-PCR (Roche Diagnostics). Real-time PCR was performed on a LightCycler (Roche Diagnostics) with a LightCycler 480 SYBR Green I Master qPCR Kit (Roche Diagnostics). No amplification was observed in the absence of reverse transcription, which confirmed that samples were free of genomic DNA. Primer sequences and a methodology for the PCR amplification are provided in detail in Supplemental Material. Results are expressed as the mean 6 SEM from six mice. Transgene expression in different organs was assessed in one male mouse and one female mouse as described in Figure 1D .
In Vitro Microperfusion of Isolated Collecting Ducts
CCDs were isolated and microperfused in vitro as described by Burg et al. 38 Intracellular pH was monitored by using the pH-sensitive dye BCECF. 12 12 ; transepithelial voltage (V te ) was measured continuously between Ag-AgCl electrodes connected to 0.15 M NaCl-agar bridges inserted in the perfusion pipette and bathing solutions as described previously 12 to calculate the rate of K + (J K ) and Na + (J Na )
transepithelial transport, which is described in detail in Supplemental Material.
